This study was designed to analyze and compare the outcomes for patients with different histological types of MESCC (lung, breast, prostate, kidney, GI cancers, and melanoma) who were treated at the same institution. Understanding these factors could promote the development of new therapeutic and surgical strategies, as well as aid in clinical decision-making tailored for specific metastatic histological types.
Methods

Patient Selection
A total of 219 cases involving patients who underwent surgery for MESCC at an academic tertiary-care institution between 1996 and 2006 were retrospectively reviewed. Patients at least 18 years old with a tissue-proven diagnosis of a solid primary tumor (not of CNS origin) and MR imaging evidence of spinal cord displacement from its normal position in the spinal canal by an epidural mass were eligible for inclusion in this study. The MESCC had to be restricted to a single area; thus patients with multiple, discrete compressive lesions were excluded. Patients with concomitant brain metastases or cauda equina or spinal root compression were also excluded. Since the goal of this study was to evaluate the outcomes for patients with the most common types of metastatic spine tumors, patients with lung, breast, prostate, kidney, and GI cancers and melanoma were identified.
Information recorded for each patient included demographic characteristics, clinical presentation, comorbidities, medications prescribed and administered prior to the day of surgery, preoperative MR imaging findings, intraoperative recordings including somatosensory or motor evoked potential monitoring changes, pathological findings, and postoperative neurological function. Mechanical pain was defined as patient-reported pain that worsened with movement. Radicular pain was pain that followed a dermatomal distribution. Local pain was back pain confined to the region of the spine affected by metastatic disease, and did not include diffuse, nonlocalized pain. Sensory deficits were defined as sensory losses to light touch, temperature, and/or pain confined to a spinal level and/or a nerve root distribution. Patients with multiple presenting symptoms were categorized according to all of their symptoms. On neuroimages, a pathologic vertebral compression fracture was defined as collapse of the vertebral body secondary to tumor involvement. Compression was defined as anterior, lateral, or posterior on the basis of the location in which the spinal cord was compressed from its normal position in the spinal canal. The extent of resection (gross-total vs subtotal) was determined by evaluating pre-and postoperative MR images. By definition, resection was considered gross-total if there was no evidence of residual tumor on postoperative MR images. Additionally, spinal recurrence was defined as local recurrence directly adjacent to the resected lesion. Perioperative mortality was defined as death within 30 days of surgery.
In general, the aim of the surgery was to circumferentially decompress the spinal cord. The particular approach was dependent on the location of the tumor and the patient's circumstances. An anterior approach was defined as approaching the spine via the vertebral body first. A posterior approach was defined as approaching the spine via the posterior elements. In some cases involving multidirectional compression, a combined anteriorposterior approach was used.
Ambulatory Status and Survival Outcomes
The patient's ability to walk, even if a cane or a walker was needed, at the last follow-up visit was used as the primary end point to minimize observer bias and errors associated with retrospective patient classification.
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This end point has also been demonstrated to be a critical quality-of-life indicator, and accurate assessment of this basic functional measurement was uniformly included in all clinical documentation. 13 The ability to walk at last follow-up included both patients who maintained their preoperative ambulatory status and those who regained the ability to walk postoperatively. The patients who regained the ability to walk are those who were unable to walk preoperatively, but could walk at the last follow-up visit. Survival analysis was conducted using the Social Security Death Index database. 23 Patients whose deaths were unconfirmed were classified as lost to follow-up at the time of the last clinic visit.
Statistical Analysis
Summary data were presented as means ± SDs for parametric data and as medians with IQRs for nonparametric data. Comparison of percentages between each of the histological groups was performed by means of the Fisher exact test (JMP 7, SAS Institute). Survival as a function of time after resection was expressed using estimated Kaplan-Meier plots (GraphPad Prism 5, GraphPad Software). Survival curves were compared using log-rank analysis (GraphPad). Probability values < 0.05 were considered statistically significant.
Results
Patient Population
The cohort summary data, as well as the comparison between patients with primary lung, breast, prostate, kidney, and GI cancers and melanoma, are outlined in Table 1 . Of the original 219 consecutive patients, a total of 114 met the inclusion/exclusion criteria for this study during the reviewed period; the histological type of the primary cancer was lung in 27 of these patients, breast in 26, prostate in 20, kidney in 21, GI in 13, and melanoma in 7. Among the 27 patients with lung cancer, 4 had small cell and 23 had non-small cell lung cancer. Chemotherapy and radiation therapy had failed in 2 of the 4 patients with small cell lung cancer; the 2 others underwent emergency surgery because of acute neurological decline. Among the 13 patients with GI cancer, 8 patients had colon cancer, 3 had cholangiocarcinoma, and 2 had appendiceal carcinomas.
Of the 114 patients, 63 (55%) were men, and the mean age at the time of surgery for the entire cohort was 58 ± 12 years. The median duration of symptoms was 0.5 months (IQR 0.2-1.8 months). Prior to surgery, 26 (23%) of 114 patients were unable to walk-as a result of motor weakness in 23 patients and intractable pain in 3. Sixty-three patients (55%) presented with motor symptoms, 72 (63%) with sensory symptoms, and 9 (8%) with bowel and/or bladder incontinence. Additionally, 78 patients (68%) presented with pain; 15 (13%) had mechanical pain, 18 (16%) had local pain, and 51 (45%) had radicular pain.
Radiographically, the spinal cord was primarily compressed anteriorly in 56 patients (49%), laterally in 28 (25%), and posteriorly in 33 (29%). The tumor had a cervical component in 29 patients (25%), thoracic components in 75 (66%), and lumbar components in 29 (25%). In 45 patients (39%) there was radiographic evidence of a pathologic compression fracture of the vertebral body. Additionally, 49 patients (43%) had extracranial extraspinal metastases at the time of presentation.
Preoperative Variables
Patients with lung cancer and MESCC were significantly older than patients with breast (p = 0.04), kidney (10) 4 (20) 3 (15) 0 (0) 3 (14) 4 (19) 3 (14) 1 (5) 3 (23) 0 (0) 1 (8) 0 (0) 1 (14) 1 (14) 0 (0) 0 (0) presenting Sx mean duration in mos inability to walk pain mechanical local radicular motor sensory incontinence 1.0 7 (26) 20 (74) 3 (11) 5 (19) 14 (52) 15 (56) 18 (67) 2 (7) 2.4 5 (19) 17 (65) 3 (12) 4 (15) 10 (38) 16 (62) 17 (65) 2 (8) 0.6 † 6 (30) 13 (65) 2 (10) 4 (20) 9 (45) 14 (70) † 12 (60) 3 (15) 1.2 5 (24) 14 (67) 4 (19) 3 (14) 8 (38) 10 (48) 15 (71) 2 (10) 1.8 1 (8) 9 (69) 2 (15) 2 (15) (15) 18 (69) 13 (50) 10 (38) 2 (10) 15 (75) 5 (25) 9 (45) 3 (14) 11 (52) 9 (43) 4 (19) 1 (8) (67) 2 (7) 6 (22) 12 (44) 11 (41) 14 ( (p = 0.006), or GI (p = 0.006) cancer. Likewise, patients with prostate cancer and MESCC were significantly older than patients with breast (p = 0.03), kidney (p = 0.02), or GI (p = 0.006) cancer. Not surprisingly, the percentage of patients with prostate cancer who were male (100%) was significantly higher than the percentage of patients with lung (p = 0.003), breast (p < 0.0001), or GI (p = 0.002) cancer or melanoma (p = 0.003) who were male. Likewise, the percentage of patients with breast cancer who were female (100%) was significantly higher than the percentage of patients with lung (p < 0.0001), prostate (p < 0.0001), kidney (p < 0.0001), or GI (p < 0.0001) cancer or melanoma (p = 0.04) who were female. Furthermore, the percentage of patients with lung cancer who were smokers (56%) was significantly higher than the percentage of patients with breast (p < 0.0001), prostate (p = 0.002), kidney (p = 0.006), or GI (p = 0.05) cancer. The percentage of patients with chronic obstructive pulmonary disease was also higher in the group of patients with lung cancer than in the patients with breast (p = 0.01), prostate (p = 0.02), or kidney (p = 0.05) cancer.
Patients with prostate cancer had a shorter duration of symptoms prior to surgery than patients with lung (p = 0.04), breast (p = 0.004), and kidney (p = 0.04) cancers. Additionally, the percentage of patients who presented with motor deficits was higher in the group of patients with prostate cancer than in patients with GI cancers (p = 0.04). More patients with lung (p = 0.04) and GI (p = 0.03) cancer received preoperative chemotherapy than patients with prostate cancer.
With respect to radiographic findings, the percentage of patients with cervical MESCC was higher in patients with breast cancer than in those with lung cancer (p = 0.04). The percentage of patients with compression fractures was higher in the group of patients with breast cancer than in those with prostate cancer (p = 0.04). No other clinical, imaging, operative, or pathological variables were found to be significantly different between the histological cohorts, including the ability to ambulate preoperatively.
Surgical Outcomes
The outcomes following surgery for patients with MESCC and lung, breast, prostate, kidney, or GI cancer or melanoma are outlined in Table 2 . Fifty-five patients (48%) underwent surgery at > 2 spinal levels; anterior, posterior, and combined anterior-posterior approaches were used in 40 (35%), 34 (30%), and 40 (35%) of the patients, respectively. Gross-total resection of the lesion was performed in 22 patients (19%), and 98 (86%) underwent spinal fusion.
In the perioperative period, wound dehiscence developed in 11 patients (10%), 3 (3%) incurred postoperative CSF leaks requiring operative intervention, and 1 (1%) sustained an epidural hematoma requiring operative intervention. Three patients (3%) died during the perioperative period; death was due to pulseless electrical activity arrest, pulmonary embolism, and myocardial infarction in 1 patient each.
At a mean (± SD) of 10.8 ± 3.8 months following surgery, 14 (12%) of the patients had undergone additional surgery, 31 (27%) had undergone postoperative radiation therapy, and 28 (25%) had undergone postoperative chemotherapy. Following resection, 91 (80%) patients were able to ambulate at last follow-up. Of the 88 (77%) patients able to ambulate prior to surgery, 81 (92%) maintained the ability to walk and 7 (8%) lost the ability to walk postoperatively. This loss of ambulatory status was due to disease progression in all 7 patients-5 patients developed motor weakness and 2 patients developed intractable pain preventing the ability to walk. Of the 26 patients unable to walk prior to surgery, 7 (27%) regained the ability to walk.
At last follow-up, 82 (72%) of 114 patients had died. The median survival for all patients was 7.0 months, with 6-, 12-, 18-, and 24-month survival rates of 50, 38, 30, and 20%, respectively. Of the 27 patients with primary lung cancer, 22 (81%) patients had died at the time of this writing; the median duration of postoperative survival was 4.3 months, with 6-, 12-, 18-, and 24-month survival rates of 18, 18, 12, and 0%. Of the 26 patients with breast cancer, 13 (50%) had died; the median duration of postoperative survival was 21 months, with 6-, 12-, 18-, and 24-month survival rates of 78, 73, 58, and 41%. Of the 20 patients with prostate cancer, 16 (80%) had died; the median duration of postoperative survival was 3.8 months, with 6-, 12-, 18-, and 24-month survival rates of 31, 12, 6, and 6%. Of the 21 patients with kidney cancer, 16 (76%) had died; the median duration of postoperative survival was 19.8 months, with 6-, 12-, 18-, and 24-month survival rates of 74, 53, 47, and 24%. Of the 13 patients with GI cancer, 11 (85%) had died; the median duration of postoperative survival was 5.1 months, with 6-, 12-, 18-, and 24-month survival rates of 25, 17, 8, and 8%. Of the 7 patients with melanoma, 4 (57%) had died; the median duration of postoperative survival was 40.9 months, with 6-, 12-, 18-, and 24-month survival rates of 64, 64, 64, and 32%.
Perioperative and Postoperative Variables
The percentage of patients who underwent additional surgery was lower in the group of patients with lung cancer than in those with prostate cancer (p = 0.02), melanoma (p = 0.04), or kidney cancer (p = 0.004). The percentage of patients who underwent postoperative radiation therapy was higher in the group with breast cancer than in the patients with lung (p = 0.04) or kidney (p = 0.05) cancer. The percentage of patients treated with chemotherapy postoperatively was lower in the group of patients with GI cancers than in those with breast cancer (p = 0.03).
Importantly, the percentage of patients who regained ambulatory function following surgery was higher in the group with lung cancer and MESCC than in patients with breast (p = 0.07), prostate (p = 0.14), or kidney (p = 0.21) cancer and the differences trended toward but did not reach statistical significance. Patients with primary breast cancer lived significantly longer after surgery than patients with primary lung (p = 0. No other outcome variables were found to be significantly different between the histological cohorts.
Discussion
In this study of 114 patients with MESCC, 27 presented with lung cancer, 26 with breast, 20 with prostate, 21 with kidney, 13 with GI primary cancers, and 7 with melanoma. Patients with primary lung or prostate cancer were typically older than patients with other types of primary cancers. Patients with prostate cancer had the shortest average duration of symptoms prior to presentation and more commonly presented with motor deficits, whereas patients with breast cancer more commonly had cervical spine involvement and compression fractures. For all histological types, > 90% of patients retained the ability to ambulate following surgery. However, the percentage of patients who regained ambulatory function following decompressive surgery was highest in the group of patients with primary lung cancer. Patients with primary breast or kidney cancer and those with melanoma had the longest duration of survival, with median survival times > 12 months.
Metastatic epidural spinal cord compression is a common and debilitating complication of cancer, in which the lesion invades the epidural space and compresses the spinal cord. 5, 8, 15 This compression can lead to neurological deficits and compromise ambulatory function.
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Recently, direct decompressive surgery has become the standard treatment for MESCC in patients with solid primary tumors because of its increased efficacy over conventional radiotherapy in preserving neurological function. 6, 14, 17 Patchell et al. 17 found that patients who underwent decompressive surgery, as compared with those who received radiation therapy alone, had a greater likelihood of walking after treatment, retaining the ability to (38) 1 (4) 22 (85) 3 (12) 8 (40) 8 (40) 4 (20) 8 (40) 7 (35) 2 (10) 18 (90) 3 (15) 6 (29) (95) 4 (19) 5 (38) 4 (31) 4 (31) 7 (54) 6 (46) 0 (0) 10 (77) 2 (15) 3 (43) 1 (14) 3 (43) 
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1 (4) 12 (46)* 11 (42) 4 (20) 6 (30) 5 (25) 6 (29) 4 (19) 5 (24) 1 (8) 3 (23) 1 (8)* 2 (29) 1 (14) 1 (14) spinal recurrence 2 (7) 1 (4) 4 (20) 3 (14) 1 (8) (0) 14 (70) 14 (70) 13 (93) 1 (17) 16 (76) 16 (76) 15 (94) 1 (20) 12 (92) 11 (85) 11 ( walk at last follow-up, and experiencing a reduced need for postoperative steroid and analgesic therapy. Among patients undergoing decompressive surgery, preoperative ability to walk and the presence of compression fractures were independently associated with the ability to walk at last follow-up. 6 Furthermore, patients in whom symptoms were present for < 48 hours and/or who underwent postoperative radiation therapy had an increased chance of regaining the ability to walk. 6 These previous studies, despite demonstrating the efficacy of decompressive surgery for MESCC, did not analyze the differential neurological outcomes for patients with different types of primary cancers. 4, 6, 11, 14, 16, 17, 21, 24 Patients with different types of primary cancers were all considered together in the same study population. It is difficult to conceive, however, that patients with different types of primary cancers will have similar presenting symptoms and neurological outcomes. In fact, it is well known that some tumors, including metastatic myeloma, lymphomas, and germ cell tumors, are more radiosensitive than most solid tumors. 9 Furthermore, some studies have found that patients with prostate and lung cancer along with MESSC have decreased survival times as compared with patients with other types of solid primary cancers and MESCC. 18, 25, 28 Nevertheless, the differential presenting symptoms and neurological outcomes for patients with different types of MESCC remain poorly understood.
The primary cancers with the greatest propensity to metastasize and cause spinal cord compression are lung, breast, prostate, kidney, and GI cancers and melanoma. 3, 10, 20 In this case series, patients with lung or prostate cancer were significantly older than patients with other types of primary cancers. Not surprisingly, in the group of patients with lung cancer there was a significantly higher fraction of patients who were smokers and/ or had a history of chronic obstructive pulmonary disorder. Importantly, patients with prostate cancer had the highest prevalence of preoperative motor deficits and the shortest average duration of preoperative symptoms prior to surgical intervention. This may mean that patients with prostate cancer may potentially warrant neurosurgical intervention on a more urgent basis than patients with other primary cancers. Because preoperative neurological function often predicts postoperative neurological outcome in MESCC, 6, 14, 17 patients with prostate cancer should be closely monitored for the development of motor deficits. Additionally, patients with breast cancer had the highest incidence of vertebral compression fractures. This may be due to the nature of this type of tumor, or the fact that osteoporosis is more common in female patients. 19 Since vertebral compression fractures have been associated with poor ambulatory outcomes, 6 patients with breast cancer may be at increased risk of losing the ability to walk as compared with patients with other types of cancer.
With respect to the extent of surgery, the betweengroups differences were not statistically significant; however, patients with lung cancer had more extensive surgeries than the other patients. A greater percentage of patients in this group had surgery that involved more than 2 spinal levels and/or required laminectomies spanning 2 or more levels. Patients with lung cancers may therefore have more extensive disease requiring more extensive surgery. Perioperatively, patients with GI cancer had the highest rate of incidence of wound dehiscence requiring operative intervention. The incidence rate was not significantly different from that observed in the other cohorts, but patients with GI cancer may have a greater degree of impaired wound healing. Likewise, although the difference was not statistically significant, patients with primary lung cancer had the highest rate of incidence of CSF leaks requiring operative intervention. This finding may be a consequence of these patients requiring more extensive surgeries.
With respect to ambulatory function, decompressive surgery has been shown to provide better results than radiation therapy. 5, 8, 15 In the present study, regardless of tumor histology, the overwhelming majority of patients were able to maintain ambulation at last follow-up. However, the percentage of patients able to walk was lowest in the groups with prostate cancer and melanoma, with respect to both pre-and postoperative ambulatory function. Although the difference between these groups and the others was not statistically significant, this finding may mean that patients with these tumors have worse ambulatory outcomes. Finally, the rate of recovery of ambulatory function was highest in patients with lung cancer, with the difference trending toward significance, and these patients may therefore benefit most from decompressive surgery. This finding is particularly interesting given that the prognosis of metastatic lung cancer is usually extremely grim and the expected duration of survival is short; thus, patients may not be offered major spine surgery. However, such patients, when treated with decompressive surgery, showed substantial ability to maintain and/or regain ambulation, which is a large contributor to quality of life. 12 Surgery may therefore optimize ambulatory function in these patients with lung cancer despite their overall short duration of survival.
Patients with metastatic disease are considered to have poor survival in general, and patients with spinal metastases may have particularly poor survival rates. 7, 26, 27 Prior studies have reported median durations of survival ranging from 10 to 30 months in patients with metastatic spine disease, including those with and without epidural cord compression as well as those with diverse histological types. 22, 24 In this study, patients who had prolonged survival were those with primary breast and kidney cancers and melanoma, with median postoperative duration of survival > 18 months. In patients with primary lung, prostate, and GI cancers, on the other hand, the median duration of survival was < 6 months. Based on these survival times, it intuitively makes sense that patients with primary breast or kidney cancer or melanoma and MESSC would benefit from surgical decompression. For patients with primary lung, prostate, or GI cancer, some clinicians would argue that aggressive surgical decompression is not warranted given the poor survival times in these patient groups. However, it can also be argued that surgery may maximize these patients' quality of life despite their reduced survival.
